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Conclusion
-Surprisingly, some nonbarrier vessels in the ciliary body and choroid expressed EBA suggesting that it may play a broader role in endothelial properties than previously recognised. The functional significance of EBA remains to be elucidated. (BrJ Ophthalmol 1995; 79: [462] [463] [464] [465] [466] Many ocular blood vessels possess a selective endothelial barrier which is important for maintaining the homeostasis of the internal ocular environment. Structurally, the endothelial cells (EC) of these vessels have many similarities to those found in brain, with multiple tight junctions between adjacent cells and a low density of cytoplasmic vesicular profiles.' The anatomy and physiology of brain EC have been extensively studied2 and more recently their molecular biology has received increasing attention.3 Over the past 10 years several blood-brain barrier (BBB) specific proteins have been identified, including enzymes and receptor transporter systems. 4 These molecules, which can be detected by immunocytochemistry at the light and electron microscopic levels using monoclonal or polyclonal antibodies, vary in their degree of BBB specificity and often show an asymmetrical distribution between luminal and abluminal EC plasma membranes.4 A monoclonal antibody has been described which recognises a protein present in high concentrations on rat brain EC which possess BBB characteristics, and by contrast is low or absent from EC in brain regions lacking a BBB such as the choroid plexus and area postrema. In view of its association with endothelia at classic BBB sites the protein has been termed the endothelial barrier antigen (EBA).5 The molecular characteristics of EBA are poorly understood. We know from western blots prepared from rat brain microvessels that anti-EBA labels a protein triplet of 30, 25, and 23-5 kDa molecular weight.5 However, its function is unknown. The development of EBA immunoreactivity is a postnatal event, occurring during a period 3-20 days post partum.5 It thus represents a late phase marker with respect to BBB maturation, in contrast with other barrier specific markers -for example, the erythrocyte/brain (glut-i) isoform of the glucose transporter and the transferrin receptor which are expressed relatively early in the development of the BBB. 4 Postnatally, EBA immunoreactivity appears to correlate well with an intact BBB. For example, following traumatic brain injury vessels lose their reactivity to anti-EBA for a period which correlates with an increased vascular permeability to serum proteins. 6 Similarly, altered BBB function in experi- (Fig 1) . Brain (Fig 2) and spinal cord, which were used as positive controls, showed strong EBA positive vessels in grey and white matter. Pial vessels were also well labelled.
Examination of intraocular tissues by light microscopy revealed that vessels within the optic nerve parenchyma, pial sheath of the optic nerve, and throughout the retina were strongly immunopositive for EBA (Figs 3 and  4) . In the iris stroma, the majority of vessels were similarly well labelled (Fig 5) . In EBA positive vessels HRP reaction product was confined to ECs and although capillaries were the most strongly labelled, arterioles and venules also expressed EBA.
Blood vessels of the ciliary body and the choroid showed a heterogeneity in EBA expression. The majority of ciliary vessels, particularly those located externally were unlabelled. However, close to the ciliary epithelium and particularly within ciliary processes, immunopositive vessels were commonly observed (Fig 5) and some immunoreactivity was apparent even at very high antibody dilutions (1:20 000). The choroid showed a similar pattern of labelling. Vessels of the choriocapillaris and inner choroid were EBA positive whereas outer choroidal vessels were negative (Fig 4) . EC of conjunctiva, sclera, dural sheath of optic nerve, and extraocular muscles were unlabelled (Figs 3 and 4) . In the lacrimal gland, the majority of vessels were EBA negative but occasional weakly labelled vessels were observed. Although at the light microscopy level it was observed that EBA was localised to ECs, it was not possible in these 8 ,um paraffin sections to define accurately its cellular location. To overcome this problem we used a pre-embedding electron microscopy immunocytochemistry 1y (CB). The method with discrete gold probes on vibratome and therefore having unrestricted access to the antibodies, showed a discontinuous layer of silver enhanced immunogold particles (Fig 6) . There was no apparent association with intercellular tight junctions and the label was absent from intercellular clefts. Even with the small immunogold probes (1 nm) used in the present study, there was relatively little tissue penetration and as a result EC cytoplasm and abluminal surface received limited exposure to anti-EBA. However, close examination of EC at the cut vibratome face failed to provide sufficient evidence that these regions expressed EBA.
Control electron microscopic incubations where the primary antibody was omitted were negative.
Discussion
This study demonstrated a strong expression of EBA in barrier vessels of the retina, optic nerve, pia mater, and iris. Surprisingly, several non-barrier vessels in the ciliary processes and inner part of the choroid also expressed the antigen. Vessels of the sclera, conjunctiva, dura mater, and outer vessels in the choroid and ciliary body were negative for EBA.
The retina possesses a blood-retinal barrier which shows many similarities to the BBB." Comparative studies of retinal and brain vessel permeability have yielded conflicting results. Lightman and coworkers'2 found permeability coefficients for sucrose and mannitol which were approximately equivalent for brain and retina. In contrast the permeability of the low molecular weight tracer 14C a amino-isobutyric acid (14C AIB) is four times higher in retina compared with brain.13
The greater permeability of retinal EC is supported by morphological observations which show a higher number of (a) cytoplasmic vesicles and (b) shorter intercellular clefts, compared with brain EC.13 These represent possible routes through which material may traverse the vessel wall. Although retinal vessels do not express the full complement of BBB markers, several are common to both vessel types -for example, the erythrocyte/brain isoform of the glucose transporter'4 and the transferrin receptor.'5 The present results show that all retinal EC also express EBA.
Iridial vessels possess a significant barrier property and contribute to the blood-aqueous barrier. Studies on a variety of experimental animals have demonstrated the presence of intercellular tight junctions which restrict the passage of protein tracers such as horseradish peroxidase (HRP).1 In the rat the permeability of radiolabelled AIB was recently found to be similar for vessels of iris and retina.'3 In the present study iris vessels were consistently well labelled with EBA. Interestingly, previous studies have shown that iridial vessels express a number of other barrier markers -for example, the glucose transporter'4 and the membrane P-glycoprotein,15 which is known to localise to blood-tissue barriers.
Within the ciliary body and choroid EC showed a heterogeneity in EBA expression. However, the general pattern of labelling between the two tissues was similar. In the ciliary body, several vessels close to the epithelium and particularly within the ciliary processes were immunopositive, while more superficial vessels were negative. Similarly in the choroid, EC of the choriocapillaris and inner choroid were often labelled whereas those of the larger outer vessels were not. Ultrastructural studies have shown that capillaries of the choriocapillaris are fenestrated. In general, fenestrated capillaries vary significantly in their permeability to hydrophilic solutes.'6 Studies of the permeability of fenestrated vessels of the choroid and ciliary body suggest that they are freely permeable to small molecules.'3 17 The permeability to proteins depends on the species studied. In rabbits, for example, labelled plasma proteins readily traverse the choroidal vasculature,17 whereas in the rat the extravasation of the protein tracers HRP and ferritin is limited. 16 The finding of EBA immunoreactivity in fenestrated non-BOB vessels would appear to be contrary to the previous suggestion that this protein is a 'barrier antigen'.5 There is some evidence that EBA is expressed weakly in some vessels at other non-barrier sites including the choroid plexus and spleen.5 This, together with the results of the present study, would suggest that EBA has a wider function in EC than previously recognised. Within the uveal tract EBA positive vessels were predominantly located near to the epithelial layers. The significance of this arrangement is at present unclear, and any possible inductive influence by these epithelial cells of neuroectodermal origin on EBA expression is speculative.
Several barrier endothelial specific markers have been described, including tight junction associated proteins and specific transporter molecules.3 4 In view of its expression in leaky choroidal and ciliary vessels EBA is unlikely to belong to either category. Its localisation on the EC luminal front may suggest that EBA is involved in the adhesive interaction between the EC and inflammatory cells. Several cell adhesion molecules (CAMs) have been demonstrated on chorioretinal ECs -for example, ICAM-1 and E-selectin (ELAM-1).18 These CAMs are upregulated in inflammatory conditions such as experimental autoimmune uveoretinitis (EAU)19 which is characterised by increased leucocyte adhesion and migration across the chorioretinal vasculature. Since the pathogenesis of EAU is similar to the inflammatory brain disease EAE19 the finding of a downregulation of EBA in the active phase of EAE7 makes this interpretation of an adhesive function for EBA open to question.
In conclusion, EBA does not have an exclusive association with barrier EC in the eye. The properties of EBA remain unknown and therefore further studies on EBA expression in normal and pathological tissues are required to elucidate its function.
